Leptin is the adipocyte-specific product of the obese gene and plays a major role in food intake and energy metabolism. Leptin research was mainly focused on mammalian species, but understanding of leptin and its function in poultry is very poor. In this study, the duck leptin gene was amplified using the reverse transcription-polymerase chain reaction (RT-PCR) from duck liver RNA. The cDNA fragment was inserted into the pET-28a expression vector, and the resulting plasmid was expressed in Escherichia coli BL21 (DE3). Experimental mice were given an intraperitoneal injection of 10 mg/kg leptin dissolved in phosphate buffered saline (PBS), while the control mice were injected with PBS. The effect of leptin on food intake, body weight and fatty deposition in mice was detected. Sequence analysis revealed that duck leptin had a length of 438 nucleotides which encoded a peptide with 146 amino acid residues. The sequence shares highly homology to other animals. The coding sequence of duck leptin was 84 and 86% identical to human and pig leptin nucleotides sequence. Highest identity was with the rat coding sequence (95%). The identity of the amino acid sequence was 84, 82 and 96% respectively compared to that of the human, pig and rat. Results of SDS-PAGE analysis indicated that a fusion protein was specifically expressed in E. coli BL21 (DE3). The purified product was found to be biologically active during tests. Continuous administration of recombinant duck leptin inhibited food intake. Despite the decrease of food intake, leptin significantly induced body weight and fatty deposition. These changes were accompanied by a significant down-secretion of plasma glucose, cholesterol, triglyceride and insulin levels in mice. The observations provide evidence for an inhibitory effect of leptin in the regulation of food intake and for a potential role of duck leptin in the regulation of lipogenesis.
INTRODUCTION
Leptin, the adipocyte-specific product of the obese gene, is a recently discovered (Zhang et al., 1994) peptide hormone which regulates food intake (Halaas et al., 1995; Pelleymounter et al., 1995; Freidman et al., 1998) , Reproduction (Moussavi et al., 2006) and energy balance (Mistry et al., 1997; Scarpace et al., 1997) in mammals and other vertebrates (Lin et al., 2000; Muruzábal et al., 2002) . Leptin is produced and secreted by mammalian adipocytes and mediates its central effect through a specific receptor (Fei et al., 1997; Elmquist et al., 1998) , thus modulating the hypothalamic neuropeptide system to suppress appetite and increase energy expenditure (Mizuno et al., 1998) . Leptin is an important signaling factor that reflects body fat level. Leptin research has provided the key to understanding the molecular mechanisms underlying obesity.
Leptin shares high conservation in vertebrates (Zhang et al., 1994) . Leptin and its receptor have recently been cloned in the chicken (Taouis et al., 1998; Horev et al., 2000; Ohkubo et al., 2000) . Chicken leptin is not exclusively localized in adipose tissue but is also expressed in liver (Taouis et al., 1998) and its expression is sensitive to hormonal treatment in liver but not in adipose tissue (Ashwell et al., 1999) . Chicken leptin has a local potential role in the regulation of avian hepatic lipogenesis (Dridi et al., 2005) . These observations are thought to be due to the role of the avian liver as the primary source of lipogenesis (Leveille et al., 1968) . Reports concerning the biological role of leptin in birds are scarce (Taouis et al., 2001; McMurtry et al., 2002) . The decrease in food intake observed in layer and broiler chickens injected centrally or peripherally with recombinant chicken, ovine or human leptin (Denbow et al., 2000; Dridi et al., 2000; Cassy et al., 2004) , and in a wild bird species injected with chicken leptin (Lohmus et al., 2003) , suggests that in birds leptin may play a similar role in regulating energy balance as it does in mammals. Among non-mammalian species, the duck is also subjected to fattening with an increase in abdominal and subcutaneous fat deposits. Several in vivo and in vitro studies have shown a direct effect of leptin on lipolysis and lipogenesis in vertebrates (Lopez-Soriano et al., 1998; Wang et al., 1999) . Such effects are still unknown in the duck. The objective of this study was to identify the duck leptin gene and evaluate the effect of intraperitoneal injections of leptin on the food intake, body weight and fatty deposition. Lipid metabolism was also assessed in the treated mice. The results will hopefully establish a foundation for study of the function and characteristics of poultry leptin.
MATERIALS AND METHODS

RNA isolation
Total RNA was prepared from duck liver using the Trizol regent according to manufacture's recommendation (Takara, Tokyo, Japan). Pellets were suspended in DEPCtreated water. The concentration of total RNA was estimated by measuring the absorbance at 260 nm, and the purity was determined from the ratio of absorbance at 260/280 nm.
Cloning of duck leptin gene
Five micrograms of total RNA were reverse transcribed (RT) at 42°C with a Super-Script II First-Strand Synthesis System for RT-PCR (Invitrogen). A set of specific primers was prepared from human (Zhang et al., 1994) , mouse (Zhang et al., 1994) , chicken (Taouis et al., 1998) and other animal (Ahima et al., 2000) leptin sequence. Primers were purchased from Takara (Tokyo, Japan). DNA was amplified using PTC-200 (MJ Research USA) for 32 cycles. The conditions for PCR were denaturation at 94°C for 30 s, annealing at 55°C for 30 s, extension at 72°C for 30 s and a final extension at 72°C for 10 min using pairs of the sense (5'-AGGAATTCGTGCCTATCCAGGATG-3') and antisense (5'-ACAAGCTTCTCAGCATTCAGGGCT-3') primer. The PCR products were isolated by electrophoresis on 1.5% agarose gel. The amplified fragment was purified using a QIAEXIIGel Extraction Kit (QIAGEN) and cloned into pGEM-T (Promaga) vector using T 4 DNA ligase (Promaga). The sequence of gene fragments was determined and homologies of the gene fragment from other species were compared.
Phylogenetic tree
A leptin phylogenetic tree was created following alignments (Megalin Clustal W) using Phylogenetic Analysis Using Parsimony (PAUP) version 4.0 beta10 and trees were constructed using the neighbor joining method.
Expression of duck leptin gene in Escherichia coli BL21 (DE3)
The duck leptin gene was cloned into EcoR I-Hind III sites of the pET-28a vector to yield the pET-28a-Lep plasmid. The recombinant plasmid was confirmed by restriction analysis and transformed into E. coli BL21 cells. The positive clone was selected for incubation in LB culture containing 34 mg/L kanamycin. The culture was grown to OD 600 = 0.8. Three hours after induction by 0.1 M IPTG, the culture was collected and analyzed by 12% SDS-PAGE. The fusion protein was identified with commercial goat anti-human leptin antibody (Santa Cruz Biotechnology) by western blotting.
Recombinant protein extraction and purification
After one liter bacterial culture was grown and induced as described above, the cells were collected by centrifugation, re-suspended in 100 ml pre-cooled pH 8.0 buffer A (Tris-Cl 50.0 mmol/L, EDTA 0.5 mmol/L, NaCl 50.0 mmol/L, Glycerine 5%, DTT 0.5 mmol/L) and 100 ml 1% TritonX-100. The sample was lysed by ultrasonication. The lysate was centrifuged at 12,000 rpm for 30 min and 2% sodium deoxycholate was added to the inclusion body. Inclusion body was collected by centrifugation, resuspended in 394 ml buffer A and 6 ml 20% sodium lauryl sarcosinate. The sample was centrifuged at 12,000 rpm (4°C) for 30 min and then 20% PEG-4000, 50 mmol/L oxidized glutathione, and 100 mml/L reduced glutathione were added to the supernatant to final concentrations of 0.2%, 1 mmol/L and 2 mmol/L, respectively. The protein was then dialyzed by 10 mmol/L Tris-Cl (pH 8.0) for 3 days and concentrated by PEG-20000 (Promaga).
Effect of leptin on food intake and fatty deposition in mice
Mice were purchased from Huazhong Agricultural University Experimental Animals Center. All protocols for animal use were reviewed and approved by the Huazhong Agricultural University Committee on Laboratory Animals. Twenty Kunming mice were divided into two groups of ten. Mice were housed in individual cages in a temperature-, humidity-, and light-controlled (6-20 h) room with free access to water and a commercial diet. One week later, one group (27.96±1.7 g) was used as control and given an intraperitoneal injection with 10 mg/kg phosphate buffered saline (PBS) daily (07:00-08:30 h), the other group (27.96±1.6 g) received an equal amount (10 mg/kg) of leptin dissolved in PBS. Food intake and body weight were recorded daily. After 6 days, blood was taken (07:00-8:30 h) from the caudal vein. Blood glucose, triglycerides and cholesterol were determined by enzymatic methods (Zhongsheng Ltd, Beijing, China) using an automatic blood analyzer (Hitachi 747 auto-analyzer, Tokyo, Japan). Plasma insulin was determined by radio-immunoassay kits (Beijing Kemei Dongya biologic technique Ltd., China). The mice were killed by decapitation, and retroperitoneal fats, mesenteric fat, and other body fats were separated and weighed.
Statistical analysis
All results were expressed as means±SE. The results were analyzed by one-way analysis of variance (ANOVA) with the SPSS 12.0 program. The level of significance was set at p<0.05.
RESULTS
Cloning and sequence analysis of duck leptin gene
RT-PCR was performed using designed primers from duck liver total RNA. The fragment comprised an open reading frame of 438 bp encoding a deduced protein of 146 amino acids (GenBank accession number AY547279). The nucleotide sequence of the duck leptin gene and the predicted amino acid sequence were aligned with those of humans, pigs, and rats (Figure 1) . The sequences shared a high homology with those of other species. GenBank Blast analysis of the duck leptin gene demonstrated that this cDNA had an 84 and 86% homology to that of humans and pigs, respectively. The highest homology was with the rat coding sequence (95%). Compared to those of humans, pigs, and rats, the homology of the amino acid sequences was 84, 82, and 96%, respectively. In the phylogenetic analysis of leptin amino acid sequence, duck leptin sequence demonstrated a high conservation with the leptin amino acid sequence of other animals (Figure 2 ).
Expression of duck leptin gene in Escherichia coli BL21 (DE3)
E. coli BL21 (DE3) cells harboring pET28a-Lep were cultured. After inducing expression by 0.2 M IPTG for 3 h at 37°C, the recombinant protein was highly efficiently expressed in E. coli BL21 (DE3) (Figure 3) . SDS-PAGE analysis of the cell lysate detected a protein band with molecular weight of about 20 kDa, which corresponded to the calculated molecular weight of recombinant leptin. The 16 kDa protein expressed by the duck leptin gene. The expressed protein was about 57% of total bacterial protein as determined by densitometric scanning (Figure 2) 
Biological analysis of duck leptin
Following daily intraperitoneal injections of leptin, food intake and body weight of mice obviously decreased (p<0.05) (Figures 5 and 6 ). On the seventh day, the body fat level of the leptin-injected mice was lower than that of control mice (p<0.05) (Figure 7 ). These variations suggested that duck leptin could decrease body weight, food intake, and fatty deposition. Despite these results, the changes were accompanied by a significant down-secretion of plasma glucose, cholesterol, triglyceride and insulin levels in mice. Duck recombinant leptin protein may therefore serve an endocrine function in regulating body fat storage.
DISCUSSION
Leptin was initially discovered in mice and is highly conserved in vertebrate species. Chicken leptin and its receptor have been reported recently (Taouis et al., 1998; Horev et al., 2000; Ohkubo et al., 2000) . According to the characteristics of leptin gene encoding sequences in humans, rats, pigs and other animals (Zhang et al., 1994; Taouis et al., 2000) , a pair of primers was designed, and we have successfully cloned the duck leptin gene. This study demonstrates that the duck leptin gene shares a high degree of conservation with the leptin sequence of other animals. Particularly in comparison to the rat, the alignment of the nucleotide sequence and the amino acid sequence in the duck is up to 95 and 96%, respectively. From the phylogenetic relationships, the leptin gene shares a high conservation in the evolution of species.
Since its discovery in mammals (Zhang et al., 1994) , leptin has been established as a regulator of multiple physiological functions including energy balance, metabolism and neuroendocrine pathways (Ahima et al., 2000). The effects of leptin on food intake have given rise to the hypothesis that leptin has a role in the feedback regulation of adipose mass on food intake. Daily intraperitoneal injection of mice with recombinant leptin lowered their body weight, body fat level, and food intake (Pelleymounter et al., 1995; Houseknecht et al., 1998) . With the aim of studying duck leptin function, we constructed the expression vector of the duck leptin gene, and it was highly efficiently expressed in E. coli BL21. The amino acid residues of about 4 kDa of the pET-28a vector and the target protein formed the fusion protein. The molecular mass of the fusion protein was about 20 kDa. A clear effect of injected leptin on the food intake, body weight, and fatty deposition was demonstrated. The administered recombinant duck leptin depressed body weight and fatty deposition and inhibited food intake, thereby confirming its biological activity. Surprisingly, despite the decrease in food intake, body weight and fatty deposition, leptin depressed the levels of glucose, cholesterol, triglyceride and insulin in plasma indicating a potential role of leptin in the regulation of duck lipid metabolism. Experimental evidence has shown that leptin could inhibit lipogenesis in adipose and hepatic tissues (Bryson et al., 1999) . In addition, leptin specifically inhibits fatty acid synthase (FAS) gene expression by converging on the insulin/glucocorticoid response element (Fukuda et al., 1999) . Muller et al. (1997) demonstrated leptin inhibition of the metabolic actions of insulin including insulin stimulation of lipogenesis. Chicken leptin can inhibit food intake and significantly induce the expression of FAS in chicken liver. The results suggest a local potential role of leptin in the regulation of avian hepatic lipogenesis (Dridi et al., 2005) .
In conclusion, the present study reports the duck leptin gene and shows the leptin sequence has high identity with the leptin gene of other animals. Daily intraperitoneal injections of duck leptin protein reduced the body weight of mice. The leptin protein reduced food intake and increased energy consumption in mice, suggesting that the leptin gene protein serves an endocrine function in regulating body fat storage (Lin et al., 2000) . The results demonstrate that the duck leptin may share the same function with that in other animals. The cloning and expression of the duck leptin gene has established the foundation for further studies on the function and application of duck leptin. Figure 7. The effect of recombinant duck leptin on the body fat of Kunming mice. At time points marked with asterisk (*) the differences between the control and treatment were statistically significant (p<0.05). Each value is the mean±SE of 10 mice.
